We study the quark and gluon contributions to the proton and neutron polarized structure functions by considering two different theoretical interpretations. Both approaches are consistent with the world available data from CERN and SLAC. We conclude that, in order to clarify the situation, one should improve the accuracy of the presently running experiments, but one also needs to seriously look into HERA with both electron and proton polarized beams.
Introduction
The EMC experiment [1] on the measurement of the structure function g p 1 (x) has generated the spin crisis, stimulating theoretical researchs, for the interpretation of the value of the first moment of g p 1 , Γ p 1 = 0.126 ± 0.010 ± 0.015 smaller than the one predicted by the Ellis and Jaffe sum rule [2] , as well as experiments with polarized charged leptons scattered on polarized targets of proton, deuteron and He 3 [3] - [7] . On the theoretical side, one of the interpretations of the EMC result was that it is a consequence of a negative contribution coming from a large positive polarization of the gluons ∆G [8] , which is the same for proton and the neutron, such that it does not affect the Bjorken sum rule [9] , given, up to O(α s 3 ),
for n f = 3, by [10] 
Concerning the measurements of g n 1 (x), the SLAC-E142 experiment [7] with He 3 target, gave a small negative value for Γ n 1 , consistent with the Ellis and Jaffe sum rule. A larger negative value of Γ n 1 , and consistent with Bjorken sum rule, is instead deduced from the measurements on deuteron targets at SLAC [6] and CERN [5] , where also the experiment performed on proton [3, 4] is in good agreement with the EMC result.
Another interpretation of the defect in the Ellis and Jaffe sum rule for the proton has been proposed [11] , where one relates it to the defect in the Gottfried sum rule [12] and to the role that Pauli principle appears to play, in relating the first moments and the shapes of the parton distributions. Indeed, the conjecture made by Feynman and Field [13] , many years ago, assumingū <d in the proton (only one valence d quark with respect to the two u quarks) is confirmed both from the defect in the Gottfried sum rule [14] and from the CERN-NA51 experiment [15] on dilepton Drell-Yan production in pp and pn reactions,
To obey the Adler sum rule [16] one should have
which implies, together withū <d,
If one thinks that the Pauli principle is responsible for the inequality (3), it is reasonable to assume that it is u ↑ , the more abundant valence parton, which receives, less contribution from the sea, so that we have [11] 
producing a defect in the Ellis and Jaffe sum rule for the proton
in fair agreement with experiment.
An empirical test for the two interpretations might be given from the experimental information on the x-dependence of the polarized structure functions. This has been done first by Gehrmann and Stirling [17] , who have been able to fairly describe the available data with reasonable parametrizations for ∆q and ∆G the quark and gluon polarizations. When they performed their analysis, higher-twist contributions were supposed to be large [18] with large uncertainties and responsible for the small magnitude of the value of g n 1 (x) in the SLAC-E142 experiment [7] . To avoid the uncertainties at small Q 2 , Gehrmann and Stirling made the radical choice to consider only data for Q 2 ≥ 4 GeV 2 to determine the values of their parameters, excluding in this way a rather precise piece of SLAC data.
In a previous paper [19] we made a similar analysis by considering only SLAC data [4, 7] , which was justified by the fact that the SMC data on the proton [3] (at <Q 2 >= 10 GeV 2 ) are in good agreement with the SLAC data (at <Q 2 >= 3 GeV 2 ), and that the data on deuteron [5, 6] were also similar for the two experiments. The use of the SMC data allows a broader range for testing the Q 2 evolution. It also probes smaller x values, but due to rather large errors, it might not be so relevant for the determinations of the parameters.
The most meaningful options for the first moments of the parton polarized distributions were: -Option A: ∆q fixed from Quark Parton Model with QCD corrections up to first order in α s and ∆G free.
-Option B: ∆q free and no anomaly contributions.
With both choices, which differ mainly at low x, the data are well reproduced, and with the second one, x∆u(x) and x∆d(x) come out almost identical to the distributions found with Fermi-Dirac functions [20] , despite the fact that the parametrization and the set of data considered were different in the two cases.
The hypothesis of neglecting higher-twist terms is well supported by more recent theoretical evaluations of these terms [21] which lead to results smaller in modulus and sometimes opposite in sign than the previous one,consistent with an experimental evaluation of these terms by the SLAC group [22] .
Here we extend our previous analysis to the CERN data [3, 5] and to higher Q 2 , where the difference between the options with and without the gluon contribution gets more significant.
In particular, for the Q 2 range to be explored at the HERA collider [23] , the experiment will be able to choose between the two options. Also the experiments in progress at SLAC [24] and the HERMES experimental program [25] , will be able to give very important information on the status of the spin sum rules.
The paper is organized as follows. In the forthcoming section we shall describe the SLAC data, with proton and deuteron targets at <Q 2 >= 3 GeV 2 , with the two options A and B. The latest differs from the corresponding one in our previous paper [19] for having now fixed the first moment of the polarized distribution ∆d (see Eq. (11) below). Then we shall present the methods we used to solve the Altarelli-Parisi evolution equations and to find the parton distributions at Q 2 = 2, 4, 10, 10 2 , 10 3 , and 10 4 GeV 2 . In the fourth section, by evolving at lower Q 2 = 2 GeV 2 , the predictions for g n 1 (x) will be compared with SLAC-E142. The predictions at Q 2 = 10 GeV 2 for g p 1 (x) and g d 1 (x) will be compared with CERN data and also we will give the predictions for some Q 2 values relevant for the forthcoming SLAC and HERMES experiments and also for the HERA collider. Further, we shall compare a combination of xg p 1 (x) and xg n 1 (x) with F p 2 (x) − F n 2 (x) given at <Q 2 >= 4 GeV 2 by NMC to test theoretical ideas on parton distributions. Finally, we shall give our conclusions.
Description of SLAC data
We describe the proton and neutron polarized structure functions at Q 2 0 = 3 GeV 2 , in terms of the valence quark and gluon polarized distributions, following the functional forms used in ref. [17] , namely
where
in such a way that
As pointed out by several authors [26] , to avoid the inclusion of soft contributions into the coefficient functions one has to choose a regularization scheme in which the gluon polarization contributes to the first moments of g p 1 and g n 1 (for n f = 3) 2 :
The gluonic term appears to be a higher order correction but is not, because η G (Q 2 ) rises logarithmically with Q 2 and, if the gluons had a positive polarization, it could, in principle, be large enough to explain the defect in the Ellis and Jaffe sum rule.
We fix (α s (3 GeV 2 ) = 0.35 ± 0.05, F = 0.46 ± 0.01, D = 0.79 ± 0.01 [28] ):
and we explore the two options A and B, the first one with
2 As in [17] we adopt the procedure of Altarelli and Stirling [27] , to work in a scheme in which the gluonic coefficient function in g1(x, Q 2 ) is given by −δ(x − 1).
and η G free, the second one with η u free and η G = 0. Options A and B correspond respectively, to the interpretation of the defect in the Ellis and Jaffe sum rule for Γ p 1 in terms of the anomaly, assuming that the Bjorken sum rule is obeyed, and to the case of a smaller ∆u resulting from the Pauli principle.
Since we know that u ↑ dominates at high x and that the gluons dominate in the small x region, we restrict the values of the parameters in Eqs. (6) , to be consistent with the information we already have for the parton distributions, by the following limitations
Indeed, especially for option A, where one describes two functions g p 1 and g n 1 in terms of three distributions Eqs. (6) , one has to make sure to exclude some choices of the parameters describing well the data, but not consistent with the information one has from the unpolarized data, that is, e.g. about 1/2 of the proton momentum (in the P z = ∞ frame) is carried by the gluons and that the partons u are dominating the high x region.
The parameters corresponding to the best fit of the SLAC proton and deuteron data for options A and B are given in Table 1 , while in Figs. 1 and 2 one compares the two resulting curves with SLAC data at <Q 2 >= 3 GeV 2 with proton and deuteron targets [4, 6] ; for the later case we take
to account for the small D-wave component in the deuteron ground state, with ω D = 0.058 [29] . The two curves describe well the data and differ mainly at low x. It is worth stressing the values η G = 1.1 ± 0.5 for option A and η u = 0.63 ± 0.03 for option B. The first value is practically the same obtained in our previous paper [19] , but smaller than the one fixed by the authors of Ref. [17] to recover the experimental value for Γ 
Parton evolution equations
For the polarized parton distributions one has the Dokshitzer-Gribov-Lipatov-Altarelli-Parisi evolution equations (DGLAP) [30] , which are, in the variable t ≡ ln Q 2 /Λ 2 QCD and at leading order in α s (∆q i ≡ x∆q i and ∆g ≡ x∆G),
We work in the fixed flavour scheme of Refs. [31] , where the number of flavours in the splitting functions is n f = 3, while for the Q 2 -evolution of α s we take into account the presence of all mass thresholds,
where n f and Λ (15) we have used two methods. One, already used by Altarelli, Nason, and Ridolfi [32] , is based on the fact that, for a small variation of t we can neglect the t-dependence of the functions on the r.h.s. of the Eqs. (15) and realize in steps the evolution for a given ∆t. The other method [33] consists in expanding the parton distributions p i into a truncated series of Chebyshev polynomials,
where T l are the Chebyshev polynomials and τ (x) = −2 ln x − y max y max , y max = 4 ln 10,
Substituting Eq. (18) in Eqs. (15) gives rise to a system of coupled differential equations dp i k dt (t) = α s (t) 2π
in which
are the values of the polarized distributions ∆q i and ∆g in the points corresponding to the nodes of the Chebyshev polynomials τ k .
With the initial conditions, given by the fits A and B to the SLAC data, we get the evolved distributions at Q 2 = 2, 4, 10, 10 2 , 10 3 , and 10 4 GeV 2 , and we obtain a good agreement between the two methods.
Comparison of the evolved distributions with experiments
The predictions for the evolved distributions at Q 2 = 2 and 10 GeV 2 are compared with SLAC-E142 experiment [7] and with CERN measurements [3, 5] at Q 2 = 10 GeV 2 respectively in Figs. 3, 4 , and 5. The two options give similar χ 2 at Q 2 = 2 GeV 2 (6.4 for 8 points for option A against 6.1 for option B), while for CERN data there is a slightly better agreement for option A (total χ 2 of 7.7 for 12 points of the proton and of 24.9 for 12 points of the deuteron to be compared with χ 2 = 10.1 and 29.3 respectively for option B). Note that for option A, one has seven free parameters, but only five for option B.
It is interesting to remark that with both options, one fails to reproduce the rise of xg p 1 (x) and the fall towards negative values of xg d 1 (x) in the same low x region of the data. This is certainly welcome to increase the contribution to the l.h.s. of the Bjorken sum rule, but it is difficult to reproduce due to the isoscalar nature of the anomaly contribution, which is expected to be the same for proton, neutron and deuteron (neglecting the small correction coming from the D-wave component in its ground state). The difference between the two options increases at higher Q 2 , as one can see by comparing the predictions for xg p 1 (x) at Q 2 = 10 4 GeV 2 , which could be explored, at least for the proton, if HERA in the future, runs with both electron and proton beams polarized (see Fig. 6 ).
Also, in Figs. 7a, b and c, we give the predictions of options A and B for Q 2 = 4 GeV 2 , which is the range to be measured in the forthcoming SLAC experiments on proton, He 3 and deuteron targets [24] .
In Fig. 8 we compare the predictions for 8/5x(g
; these quantities should be equal in the absence of sea and gluon contributions, if ∆u(x) = u(x) − d(x) [11] , [19] . The agreement is good for both options down to x = 0.05 but for small x values, the curve corresponding to option A reproduces more accurately the data on the difference F p 2 − F n 2 .
Conclusions
We have investigated the quark and gluon contents of the nucleon spin by studying the polarized structure functions recently measured at SLAC and CERN. Our analysis confirms the conclusion of the previous paper [19] , that is the presently available data are consistent both with the existence of an anomaly contribution with the Bjorken sum rule satisfied, but also with the alternative explanation which relates the defect in the Ellis and Jaffe sum rule for the proton, to the defect in the Gottfried sum rule. In this later case the validity of the Bjorken sum rule is not necessarily ensured. The option A gives a better description of CERN data. The two options will differ more and more at higher Q 2 , since a large anomaly contribution has a big effect on the polarized parton distributions. This might be tested by the forthcoming SLAC experiments with a higher energy electron beam (∼ 50 GeV ) and also in the future at HERA with electron and proton beams polarized. In the CERN data, one observes a peculiar behaviour at small x with a rising positive g p 1 (x) and a negative trend for g d 1 (x) which are not reproduced by both theoretical scenarios. However the errors are rather large and, if these effects are genuine, they remain to be firmly established in the future. 1.0 ± 0.1 (dashed line) are compared with the SLAC-E142 data on neutron for xg n 1 (x) at <Q 2 >= 2 GeV 2 from ref. [7] . 
